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Role of a basement membrane glycoprotein in anti-tubular basement
membrane. Tubulointerstitial nephritis antigen (TIN antigen) is a base-
ment membrane component which is recognized by human autoanti-
bodies in TIN and has been shown to induce TIN in Brown Norway
(BN) rats. Detectable by immunofluorescent microscopy, TIN antigen
reacts with monoclonal, polyclonal, and human autoantibodies in
basement membranes of kidney cortex, small intestine, skin and
cornea. Specific sites of TIN antigen within kidney cortex include
basement membranes of proximal tubules, distal tubules, Bowman's
capsule and peritubular capillaries, with highest concentration in prox-
imal tubular basement membrane (TBM). TIN antigen is also present in
interstitium between tubules and in the periarterial sheath, but not in
glomerular basement membrane or mesangial matrix. Immunoblotting
of TIN antigen isolated from rabbit TBM reveals a major 58 kDa
component with minor components of 300 kDa, 175 kDa, 160 kDa, 100
kDa and 50 kDa. Partial protein sequence analysis indicates that 58 kDa
TIN antigen represents a newly defined glycoprotein. The structural
relationships between various molecular weight forms are currently
being investigated. High molecular weight (HMW) forms of TIN
antigen, consisting of a mixture of 300 kDa, 175 kDa and 160 kDa forms,
are more efficient than low molecular weight (LMW) forms (58 kDa and
50 kDa forms) in inducing TIN in BN rats. The resultant antibody
specificity of rats injected with either HMW TIN antigen or LMW TIN
antigen is identical as determined by immunofluorescent microscopy
and Western analysis. Higher antibody titers and greater amounts of
kidney-bound IgO are found in the HMW TIN antigen-immunized
animals. TIN antigen is the primary target of anti-TBM antibodies in
human and experimental immunologically-mediated anti-TBM nephri-
tis.
Immune interstitial nephritis has two recognized forms me-
diated by antibody or T-lymphocytes. Formation of antibodies
to the tubular basement membrane (TBM) and immune com-
plex deposition along TBM are the two pathogenetic mecha-
nisms interstitial nephritis involving antibodies. Anti-TBM an-
tibodies have been described in many renal diseases, although
their existence is rare [1, 21. These renal disorders are usually
characterized by linear deposition of IgG and C3, demonstrated
by direct immunofluorescence, along the TBM. An interstitial
mononuclear cellular infiltrate is also characteristic. Anti-TBM
antibodies are then demonstrable in the serum or renal tissue
eluates. The process may be primary or secondary to glomer-
ular or interstitial renal disease.
Though tubular basement membrane antigens have been
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studied in many species over the past several years and various
autoantigens have been described [3], the pathogenic impor-
tance of these antibodies is not entirely understood. In our
laboratory, a TBM component, TIN (tubulointerstitial nephri-
tis) antigen, has been purified and characterized. This glyco-
protein exists in various molecular weight forms, is bound by
antibodies from individuals with anti-TBM antibody-associated
TIN, and induces interstitial nephritis in BN rats. This paper
summarizes our knowledge to date of this unique basement
membrane component.
Biochemical characterization of TIN antigen
The 58 kDa TBM component identified in our laboratory was
initially prepared by extraction of isolated TBM with guanidine
or urea in the presence of protease inhibitors [4]. Sera from two
patients with TIN and anti-TBM antibodies were used in
immunoblotting studies which showed that the autoantibody
bound an antigen found in the TBM extracts. Indirect immuno-
fluorescence revealed that these sera contained IgO that bound
Bowman's capsule, TBM along proximal tubules, but did not
react with glomerular basement membrane (GBM). Anti-TBM
sera did not bind with collagenase digested TBM previously
extracted with guanidine, but did react with collagenase solu-
bilized, native TBM. Therefore, we assumed that TIN antigen
was a noncollagenous component of TBM. In contrast, Good-
pasture antigen and 7S collagen are released from guanidine
insoluble TBM upon digestion with collagenase. In addition,
antibodies to Goodpasture antigen, 7S collagen, and subunits of
NC 1 domain of collagen IV react with collagenase solubilized
TBM and GBM, indicating a difference between these basement
membrane components and TIN antigen [4]. Polyacrylamide gel
electrophoresis of guanidine-solubilized human TBM and GBM
revealed multiple protein bands stained with India ink (Fig. lA).
Only one of these bands (58 kDa), showed specificity when
reacted with high-titer anti-TBM serum. The GBM was nega-
tive for this component (Fig. 1B). Extracts of human, rabbit, rat
and bovine TBM were compared by ELISA and Western
analysis with the anti-TBM serum. ELISA assays showed
reactivity with guanidine extracts of TBM in all species tested.
Reactive bands from human, rabbit and rat TBM all had an
apparent molecular weight of 58,000; the corresponding com-
ponent from bovine antigen was 56,000 (Fig. 1C). Lewis rat
TBM showed no antigen, which agrees with reports by other
investigators [5, 6]. Three faintly staining bands (100 kDa, 150
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Fig. 1. Comparison of reactivity of human TBM antibodies with extracted and enzyme solubilized TBM; comparison of reactivity of different
species. A, Electrophoresis of 6 M guanidine-HCI soluble human GBM (lane 2), human TBM (lane 3) and rabbit TBM (lane 4). Total protein was
stained with India ink. Lane 1 represents reference standards consisting of: (a) collagen Type I, al chain; (b) collagen Type I, a2 chain; (C) bovine
albumin, 66 kDa; (d) egg albumin, 45 kDa; (e) glyceraldehyde-3-phosphate dehydrogenase, 36 kDa; and (t) carbonic anhydrase, 29 kDa. B, Western
blot analysis of protein blots of guanidine-HCI soluble human GBM and TBM (lanes 1 and 2), collagenase digested TBM (lane 3) and trypsin
digested TBM (lane 4). Samples of 5 jsg of protein were applied to each lane in A and B. C, Western blot analysis of: molecular weight standard
mixture (lane 1), SD5-solubjlized human GBM (lane 2), human TBM (lane 3), rabbit TBM (lane 4), rat TBM (lane 5) and bovine TBM (lane 6).
Samples consisting of 2.5 g of SDS-soluble human GBM and TBM and 6.0 g each of SDS-soluble rabbit, rat and bovine TBM were applied to
the gel represented in C. (Reprinted with permission from reference [4]). Antibody used in B and C was human anti-TBM serum (TIN-I) at 1:50.
kDa, and 200 kDa) detected in TBM and GBM extracts were
shown not to react significantly with anti-TBM serum by
ELISA.
Digestion of bovine and human TBM with proteases (colla-
genase, trypsin and pepsin) showed only traces of reactive
product with the collagenase digestion, and no binding to
trypsin or pepsin digests, suggesting that collagenase is ineffec-
tive in releasing significant amounts of antigen from TBM and
that trypsin and pepsin destroy the antigen. Urea extraction of
collagenase insoluble TBM did release additional quantities of
antigen, but much of the antigen remained in the insoluble
matrix [4]. Rabbit TBM, however, could be completely solubi-
lized by collagenase and retained its immunologic reactivity [7].
The antigen was purified by extraction in denaturing solvents,
ion-exchange chromatography, gel filtration and reversed phase
HPLC [8]. When 6 M guanidine-HCI extracts of TBM were
subjected to ion-exchange chromatography on S-Sepharose in 6
M urea and eluted with increasing sodium chloride gradient,
reactive 58 kDa TIN antigen was present in high concentration
in the 1.0 M NaC1 eluate. This eluate was further purified by gel
filtration and reversed-phase HPLC. Analysis of the purified
antigen by SDS-PAGE showed a predominant 58 kDa protein
band as well as a minor 50 kDa component (Fig. 2A). Upon
reduction, their molecular weights were 64 kDa and 56 kDa,
respectively. ELISA and Western blot analyses, using human
anti-TBM autoantibodies, showed reactivity against both forms
(Figure 2B).
The amino acid compositions of the two forms of TIN antigen
are shown in Table 1. The compositions are quite similar, each
having a high concentration of aspartic acid and glutamic acid.
Small amounts of glycine and the absence of both hydroxypro-
line and hydroxylysine suggest a non-collagenous derivation of
this protein. Table 1 also compares the composition of TIN
antigen to other antigens characterized by Clayman et a!
(rabbit) [91 and Graindorge and Mahieu (human) [6]. The rabbit
antigen was unlike our antigen in several respects. The human
antigen was similar except that it contains hydroxyproline and
glycine, suggesting a collagenous entity. We later determined
that the amino-terminal sequences of the 58 kDa and 50 kDa
forms of our rabbit TIN antigen were identical [8]. Reversed-
phase HPLC peptide maps of subsequent trypsin digests
showed that most peptides derived from the two TIN antigen
forms are identical. A search of a protein data library revealed
no sequence homology with the amino-terminal end of this
antigen. Carbohydrate analysis showed that 6% to 15% of the
mass of rabbit TIN antigen is carbohydrate.
Characterization of antibodies to TIN antigen
We obtained anti-TBM antisera from two individuals with
TIN [10, 11]. TIN-I antiserum, with an immunofluorescent titer
of 1: 128, was from an individual with acute renal failure who
had circulating antibodies to proximal TBM and Bowman's
capsule. TIN-2 antiserum (titer = 1:64) was from a renal
transplant patient who developed circulating antibodies to
proximal TBM and Bowman's capsule. Throughout our studies,
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Fig. 2. SDS-PAGE analysis of purUication of TIN antigen (A) and of pur{fIed product by immunoblotting (B). A. Guanidine HCI-extracted rabbit
TBM is shown in lane 1. Resolution of rabbit TBM extracts by S-Sepharose chromatography (lanes 2-4), gel filtration of I M NaC1 S-Sepharose
eluate (lanes 5 and 6), and reversed-phase purification of gel filtration pools (lanes 7 and 8). Lane 2 represents unbound 0.1 M NaCl batch eluate;
Lane 3 represents 0.1 M NaCl batch eluate; Lane 4 represents 1.0 M NaCl batch eluate. B. Western blot analysis of HPLC purified 58 kDa TIN
antigen with TIN-2, TIN-I, and Ab95 (lanes 1, 3, and 5, respectively); 50 kDa TIN antigen following immunoblotting with TIN-i, TIN-2, and Ab95
(lanes 2, 4, and 6, respectively). (Reprinted with permission from reference [7]).
we used TIN-i to determine immunoreactivity of various forms
of TIN antigen.
Polyclonal antibodies to TIN antigen were developed in a
goat (Ab95) by immunization with 100 g of purified 58 kDa
TIN antigen in complete Freund's adjuvant followed by two
boosts given in incomplete Freund's adjuvant at two week
intervals. Affinity purification was done on strips of Immobilon
transfer membrane [8].
Using standard procedures, we developed a mouse mono-
clonal antibody (A8) to TIN antigen, and then performed
inhibition ELISA experiments to establish its antibody speci-
ficity [7}. Purified rabbit TIN antigen (58 kDa form) completely
inhibited ELISA reactivity of A8 antibody with guanidine-HCI
extracted rabbit TBM. Immunoblotting analysis showed bind-
ing of A8 to SDS-extracted TBM and purified 58 kDa TIN
antigen.
We determined the reactivities of A8, TIN-i, and Ab95 to
renal basement membranes in various species by indirect im-
munofluorescent microscopy (Table 2). A8 and TIN-i reacted
with TBM of all species tested except dog, Lewis rat, and
chicken, displaying identical patterns of reactivity in both
bovine and human kidney. In the latter, variable staining
intensity was observed within Bowman's capsule, being stron-
gest at the urinary pole; staining of TBM was present through-
out the renal cortex, most intense in proximal TBM and
weakest in distal TBM. We also observed staining of peritubu-
lar capillary basement membrane, along with weak, focal stain-
ing in interstitium; no staining in glomeruli or medulla was
observed (Fig. 3). Dual-labeled antibody staining with antibody
to Tamm-Horsfail protein identified presence of TIN antigen in
distal TBM.
All three antibodies shared the same pattern of reactivity in
Table 1. Amino acid composition of TIN antigen
Amino acid
Source residuesll000
Rabbita
Rabbit" Humanc58 kDa 50 kDa
Hydroxyproline 0 0 5.9 33.1
Aspartic acid 103.2 1.0 108.1 49.6 101.2
Threonine 52.4 1.9 54.1 15.3 42.0
Serine 75.9 3.9 72.1 39.4 69.8
Glutamic acid 134.2 3.6 130.9 139.4 121.1
Proline 53.0 6.6 57.3 81.2 51.0
Glycine 88.1 1.5 77.7 161.8 156.3
Alanine 69.3 3.7 64.1 154.1 71.1
Valine 48.7 2.7 45.5 49.2 44.2
Half cystine 41.8 3.7 34.4 11.3 39.2
Methionine 15.7 1.8 20.9 2.6 11.5
Isoleucine 45.2 2.0 47.9 45.3 30.8
Leucine 61.2 2.6 63.3 93.4 56.2
Tyrosine 34.6 4.1 42.5 0.5 20.7
Phenylalanine 35.4 1.0 35.7 28.9 26.4
Histidine 31.7 1.6 33.4 25.4 20.4
Hydroxylysine 0 0 0 7.1
Lysine 49.1 2.0 47.6 52.4 31.2
Arginine 60.6 3.1 64.5 61.7 49.2
a Five determinations (± sD) were made on the 58 kDa rabbit antigen,
and three on the bovine antigen. Values for 50 kDa rabbit antigen are
the average of two determinations each.
"From Clayman et al [61; prepared by antibody affinity chromatog-
raphy. Half cysteine determined as cysteic acid, and methionine as
methionine sulfoxide.
C From Graindorge and Mahieu 16]; antigen obtained by preparative
polyacrylamide gel electrophoresis.
extrarenal tissues. Basement membranes of epidermis, corneal
epithelium and intestine (intense reactivity in ileum; trace
amounts in duodenum and jejunum) were positive by indirect
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Table 2. Reactivity of antibodies toward TIN antigen with renal
basement membranes of various speciesa
Species
Antibodies'
A8 TIN-l Ab95
Human + + +
Bovine + + +
Rabbit + + +
Sheep + + +
Dog + + —
Guinea pig + + +
Rat
Sprague-Dawley + + +
Brown/Norway + + +
Lewis — — -
Mouse (Balb/c) + + +
Chicken — — —
a Reactivity was determined by immunofluorescent microscopy as
positive (+) or negative (—)
b Mouse monoclonal (A8), human autoantibody (TIN-I), and affinity
purified goat anti-rabbit TA (Ab95) were compared
immunofluorescence. In vivo binding of injected A8 mono-
clonal antibody in BN rats and in mice injected intraperitoneally
with A8 producing hybridoma cells displayed the same distri-
bution within renal basement membranes as described above;
however, different localization in intestine was observed with
more intense staining along duodenum and jejunum basement
membranes, and only trace reactivity in ileal basement mem-
brane.
Evidence for multiple forms of TIN antigen
Tubular basement membranes from human, rabbit, mouse,
rat, and bovine kidneys were evaluated for presence of TIN
antigen by immunoblotting with A8 [7]. In SDS-extracted TBM
from the various tissues, a prominent 58 kDa band was identi-
fied in all species except bovine, which showed reactivity with
components of 52 kDa, 45 kDa, and 35 kDa molecular weights.
When 5% to 18% polyacrylamide gradient gels were used, high
molecular weight components (HMW-TIN antigen), greater
than 58 kDa, were found in all species.
Immunoblot analyses of these higher molecular weight forms
of TIN antigen were performed on rabbit TIN antigen partially
purified either by extraction with guanidine-HC1 alone or by gel
filtration of collagenase digests and cation exchange chroma-
tography. Silver stained SDS-PAGE revealed the prominent 58
kDa band and to the less intense 50 kDa form, along with 160
kDa, 175 kDa, and 300 kDa bands. By immunoblotting, these
bands react with A8, TIN-l and Ab95 (Fig. 4). Isolated base-
ment membrane from rat ileum reacted with A8 reacting 58 kDa
and 175 kDa bands [7].
TIN antigen in experimental anti-TBM nephritis
We have induced TIN in our laboratory using various prep-
arations of heterologous (rabbit) TIN antigen. Female BN rats
were injected with either 50 or 100 g of HMW-TIN antigen,
which consisted of a mixture of 160 kDa, 175 kDa, and 300 kDa
forms, or low molecular weight TIN antigen (LMW-TIN anti-
gen), which consisted of a mixture of 58 kDa and 50 kDa forms,
emulsified in Borderella pertussis toxin and complete Freund's
adjuvant. The animals were sacrificed on day 13 post-immuni-
zation and tissue was obtained for light microscopy (LM) and
immunofluorescent microscopy. The kidneys were weighed and
examined grossly; severely affected kidneys showed diffuse
edema and pallor, usually with associated cortical nodules, and
the medulla was grossly unremarkable. The gross and light
microscopic alterations of kidneys were scored on a scale of 0
to 4+, depending on disease severity. Direct immunofluores-
cent microscopy was performed using FITC-conjugated anti-rat
IgG and C3, and immunofluorescence intensity was graded on a
scale of 0 to 4+. These results are summarized in Table 3.
There was considerable variability between rats in each
group; however, the rats immunized with HMW-TIN antigen
showed more severe TIN than those injected with LMW-TIN
antigen. The response appeared to be dose-dependent but
additional studies involving varying concentrations of TIN
antigen are needed to establish this relationship. Kidneys were
homogenized in phosphate buffered saline, washed by centrif-
ugation and eluted with a low-pH buffer; total IgG was deter-
mined by ELISA. We observed that the more severely affected,
HMW-TIN antigen-immunized rats had more renal-bound anti-
TBM IgG than the LMW-TIN antigen-immunized rats. In other
experiments, as little as 5 g of collagenase digested, HPLC-
purified TIN antigen (58 kDa) induced TIN in BN rats with
evidence of bound IgG along the TBM and Bowman's capsule.
Control immunized Lewis rats showed no detectable signs of
TIN, but had low levels of circulating TBM-antibodies when
tested by Western blotting. These antibodies were reactive with
BN, but not Lewis rat kidney sections by indirect immunoflu-
orescent microscopy [12].
Association of TIN antigen and membranous nephropathy
An anti-TBM TIN has been described in association with
membranous nephropathy (MN) in children [13—16]. These
patients differ significantly from those with idiopathic MN in
that they experience tubular dysfunction and progression to
end-stage renal disease. Indirect immunofluorescent micros-
copy studies on sections of normal human kidney using sera
from these patients showed IgG binding of antibodies to prox-
imal TBM and Bowman's capsule, but not GBM [13, 14].
In our laboratory, three patients with TIN-associated MN
were evaluated for presence of circulating anti-TIN antibodies
[17]. All three patients showed similar staining patterns by
indirect immunofluorescent microscopy on normal human kid-
ney, including linear IgG deposition along proximal TBM and
Bowman's capsule, and no staining of GBM, mesangium, distal
tubule or renal vasculature.
ELISA analysis using denatured TIN antigen showed cone-
sponding reduced anti-TIN antibody binding with increasing
dilutions of TIN antigen and no reactivity with collagenase
digests of GBM. Western blot analyses showed binding to 58
kDa TIN antigen as well as to high molecular weight forms of
TIN antigen. Persistence of anti-TBM antibodies was found in
two of the patients (3 years in one patient; 9 years in another),
with recurrent MN in the transplanted kidney. Other investiga-
tors have reported a disappearance of these antibodies [13, 14].
Both MN and TIN appear to be immunologically-associated
entities. Analyses of our patients did not reveal HLA antigens
previously associated with MN or autoimmune diseases. We
observed that HLA B7 antigen was present in all three patients
and the DRw8 antigen was present in two patients. These
-
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results suggest that this autoimmune disorder may be HLA
associated, with B7 and/or DRw8 antigens providing disease
susceptibility [17].
Discussion
Fig. 3. Indirect immunofluorescent
microscopy using monoclonal anti-TIN
antigen (A8) on sections of bovine (A—D) and
human (E.-F) kidneys. Reactivity is observed
with Bowman's capsule (arrow inside
glomerulus), TBM, but not with GBM (A).
The fluorescence of TBM varies from intense
to weak (arrows) (B). Reactivity is also
observed in peritubular capillary basement
membranes (arrows) (C), and more weakly in
interstitial sites that have not been defined
(arrow) (D). Similar staining characteristics
are seen on human kidney (E). For
comparison, similar binding of a human
autoantibody (TIN-i) is illustrated on human
kidney (F). Glomeruli are indicated by the
letter g. Magnification: A, x665; B, x665; C,
x1020; D, X1567; E, X483; F, X54.4.
(Reprinted with permission from reference
[11]).
Our laboratory has identified and isolated a 58 kDa antigen
(TIN antigen) reactive with anti-TBM antibodies in human TIN
[4, 8]. This antigen is the primary target of antibodies induced in
BN rats immunized with crude TBM extracts and purified
antigen. These findings support the existence of a common
immunologic mechanism for experimental and human anti-
TBM TIN [12]. In addition, we have identified high molecular
weight forms of TIN antigen that react with antibodies to 58
kDa TIN antigen. Using monoclonal, polyclonal, and human
autoantibodies we have determined that TIN antigen is more
broadly distributed than previously recognized, being detected
in basement membranes of renal peritubular capillaries, intes-
tine, skin and eye. The significance of this finding may be
important as others have reported an association of TIN with
extra renal diseases, including uveitis [181.
Nephritogenic tubulointerstitial antigens are the subject of a
recent review by Wilson [19]. Several other reports of tubu-
lointerstitial antigens associated with TIN have been reported
[6, 9, 20] in addition to TIN antigen described here. The
molecular weights of these reported antigens vary and each is
prepared and purified in a different way. Whether or not these
antigens contain the same reactive epitope is not known,
Fig. 4. Immunoblot analysis of high molecular weight forms of TI?
antigen. Rabbit TIN antigen was partially purified from collagenas
digests by gel filtration and cation exchange chromatography, resolve
by SDS-PAGE and examined by direct staining with silver (lane I) c
following transfer to PDVF membrane as follows: gold stain of tram
ferred protein (lane 2), reactivity with monoclonal anti-TIN antige
(A8) (lane 3), goat anti-rabbit TIN antigen (Ab95) (lane 4), and huma
autoantibody to TIN antigen (TIN-i) (lane 5). High molecular weigF
components of 300 kDa, 175 kDa and 160 kDa reactive with eac
antibody are shown. Arrows indicate components whose molecula
weights are given in kilodaltons. (Reprinted with permission fror
reference [11]).
we — __
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Table 3. Pathologic and immunopathologic features of BN rats immunized with TIN antigen
Weightc GrOSS" LMd
TBM
(IgG)e
TBM
(C3)
Immunization'
Adjuvant control (N = 2) 0.58 0.04 0 0 0 0
Whole TBM (N = 3) 0.59 0.03 2.0 1.3 0.6 3,0 2.7 0.6
58 kDa TIN antigen
100 g(N = 5) 0.65 0.16 1.4 1.5 1.8 1.5 3.2 0.8 2.8 0.8
50 g (N = 10) 0.61 0.09 1.2 1.1 1.3 1.7 2.2 1.3 2.5 1.4
HMW TIN antigen
100 g (N = 3) 1.27 0.06 4.0 4.0 4.0 4.0
50 g (N = 9) 0.73 0.10 2.8 1.3 2.5 1.2 3.0 1.2 3.3 1.6
a Amount of antigen injected per animal; control rats received adjuvant alone (complete Freund's and Bordetella pertussis toxin) and positive
controls were given 4 mg of TBMb N = number of animals per group
C Weight of right kidney, in grams; mean SEMd Mean of gross and light microscopic scale SEM (see text)
Mean of immunofluorescence intensity SEM (see text)
however, most of these antigens share similar distributions of
reactivity within kidney.
Experimental models of anti-TBM TIN have been developed
in various species [3]. In rats and guinea pigs antibodies to TIN
antigen have a major pathogenetic role, whereas mice have a
more significant component of cell mediated immunity. Studies
in our laboratory have further examined the BN rat model of
this entity [21—231. We have used a purified TBM component
which elicits a unique dose dependent response with correlating
antibody titers in serum and renal eluates. Furthermore, it is
noteworthy that HMW forms of TIN antigen are more effective
inducers of TIN than LMW forms.
Immunologically-mediated TIN has been identified in hu-
mans in association with drugs, infections, renal allograft rejec-
tion, and as an idiopathic form. The sequence of events in the
pathogenesis of this disease has been studied, primarily using
animal models. While immunologic mechanisms of glomerular
injury have been well-elucidated, the pathogenetic mechanisms
of TIN are only beginning to be understood. It is therefore
apparent that the observations described here are an important
foothold to anchor future essential studies of tubulointerstitial
injury in the kidney.
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